This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



4- 




WORT n iNTEIXECrUAL PROPERTY. ORGANIZATION 
Intcxuadonal Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 


Al 


(11) International Publication Number: 


WO 95/09394 


G06F9/38 


(43) International Publication Date: 


6 April 1995 (06.04.95) 



(21) International Application Number: PCT/US94/10785 

(22) Internationa! Filing Date: 23 September 1994 (23.09.94) 



(30) Priority Data: 
08/129,697 



30 September 1993 (30.09.93) US 



(71) Applicant: APPLE COMPUTER, INC. [US/US]; One Infinite 

Loop, Cupertino, CA 95014 (US). 

(72) Inventor: BAXTER, Michael, A.; 281 B Florence, Sunnyvale, 

CA 94086 (US). 

(74) Agents: FERRELL, John; Carx, DeFUippo & Ferrell, Suite 200, 
2225 East Baysborc Road, Palo Alto, CA 94303 (US) et aL 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH, 
CN, CZ, DE, DK, ES, H, GB, GE, HU, JP, KE, KG, KP, 
KR, KZ, LK, LT, LU, LV, MD, MG, MN, MW, NL, NO, 
NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ, TT, UA, UZ, 
VN, European patent (AT, BE, CH, DE, DK, ES, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, 
CF. CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG), 
ARIPO patent (KE, MW, SD, SZ). 



Published 

With international search report. 

Before the expiration of the rime limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MINIMAL INSTRUCTION SET COMPUTER ARCHITECTURE AND MULTIPLE INSTRUCTION ISSUE METHOD 
(57) Abstract 



A minim al instruction set computer architecture (nyperscalar 
computer architecture) comprises a central memory, an instruction 
buffer, a control unit, an I/O control unit, a plurality of functional 
units, a plurality of register files, and a data router. In the 
hyperscalar computer architecture, the central memory transfers 
a plurality of instructions to the instruction buffer. The control 
unit receives multiple instructions from the instruction buffer, 
and automatically determines and issues the largest subset of 
instructions from those received that can be simultaneously issued 
to the plurality of functional units. Each functional unit receives 
data from and returns computational results to a corresponding 
register file. The data router serves to transfer data between 
each register file and any other register file, the central memory, 
the control unit, or the I/O control unit. The present invention 
also includes a multiple instruction issue, method for issuing 
instructions to the hyperscalar computer architecture. The multiple 
instruction issue method comprises the steps of: determining a 
set of first source register files used by a plurality of instructions; 
oeterrnining a set of second source' register files used by the 
plurality of instructions; determining a set of destination register 
files used by the plurality of instructions; determining a largest 
subset of instructions within the plurality of instructions that can be 
executed without a register file conflict; and issuing in parallel each 
instruction within the largest subset to the plurality of functional 
units. 
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WO 95/09394 PCT/DS94/10785 

MINIMAL INSTRUCTION SET COMPUTER ARCHITECTURE 
AND MULTIPLE INSTRUCTION ISSUE METHOD 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
5 The present invention relates generally to computer architecture, and 

more particularly to computer architectures that are capable of processing more 
than one instruction during each computer system clock cycle. Still more 
particularly, the present invention is a computer architecture for processing 
multiple scalar instructions in parallel using a minimal instruction set. 
10 2. Description of the Background Art 

In present day computing applications, lite amount of data that must be 
processed is often quite large. For example, in image processing, approximately 
six Megabytes of data are required to represent a 1024 by 768 pixel color image. 
If a single image requires multiple transformations, or if two or more images 
15 are to be combined into a composite image, the data set on which operations 
are required becomes even larger. As the size of the data set increases, the time 
required to complete a set of computational operations on the data set 
eventually becomes unacceptably long. The need to maximize the number of 
operations that can be performed on a given set of data in the least amount of 
20 time has served as the major driving force in the evolution of computer 
architectures. 

Reduced Instruction Set Computing (RISC) architectures attempt to 
meet this need by increasing the speed at which each computational 
instruction supported is performed. RISC is based upon the premise that a 
25 complex computational instruction can typically be performed through a 
corresponding sequence of simple instructions. The smallest number of 
simple instructions required to fully implement a complete instruction set are 
chosen as the RISC instruction set. A given RISC architecture is designed to 
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execute each simple instruction in its instruction set very quickly, such that a 
given complex instruction can be executed very rapidly as a corresponding 
sequence of simple instructions. A block diagram of an exemplary RISC 
architecture is shown in FIG. 1. This architecture comprises a memory, a data 
5 cache, an instruction cache, pipelined instruction decoding, a register file, a 
floating-point functional unit, and an integer functional unit. In the RISC 
architecture, either the integer functional unit or the floating-point functional 
unit can be used for a given computation. 

All data transferred between the register file and the memory in the 
RISC architecture must pass through the data cache. The data cache serves as a 
high-speed, small capacity memory. A data cache size of 16 kilobytes is 
currently, common (1993). Hence, in a data-intensive computational 
environment such as image processing, the data cache can store only a veiy 
small portion of the total amount of data that must be processed. Presently, a 
backing cache is occasionally used between a CPU's internal cache and memory 
to provide additional cache storage. In the future, cache sizes will increase as 
improvements are made in microelectronic processing technology. Regardless 
of the cache situation (present or future), a cache serves as an information 
bottleneck" between the memory and the register file. This limits the overall 
processing speed of the RISC architecture, particularly in data-intensive 
applications. Therefore, RISC architectures are not well-suited for processing 
large amounts of data, such as in image or document processing, since access to 
any data element stored within memory necessitates routing the data element 
through the data cache. 

Other architectures attempt to rapidly process large amounts of data by 
performing multiple instructions simultaneously. One such architecture is a 
vector computer, in which data elements within an array each receive the 
same operation simultaneously. Vector computers require specialized 
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hardware to function, which adversely affects the cost of system design and 
manufacture. A vector computer must also include a scalar processing unit to 
successfully perform computations in situations where individual data 
elements must each receive a unique operation. A highly specialized compile! 
5 must be used to maximize the amount of data that can be operated upon in an 
array format. Such a compiler requires many person-years to develop, and is 
therefore prohibitively expensive, making vector computers unavailable for 
most computing needs. 

A second architecture that attempts to rapidly process large amounts of 
10 data by performing multiple instructions simultaneously is a multiprocessor 
architecture, where several processing units simultaneously operate upon 
data, and each processing unit attends to a different portion of a given 
computation. However, each processing unit significantly increases the cost of 
manufacturing the system. Moreover, a highly specialized compiler is also 
15 necessary in this second architecture, to ensure that computational tasks are 
optimally distributed between each processor. Such a compiler is again 
prohibitively expensive, making the multiprocessor an undesirable, option. 

A third type of architecture that performs multiple instructions 
simultaneously is that of a pipelined computer. In pipelined computers, the 
20 hardware elements required for data storage and performance of arithmetic 
and logical operations are duplicated. Each set of duplicated hardware 
elements operates on a given subset of data in parallel. Yet again, a highly 
specialized compiler is required to maximize the number of hardware 
elements that are actively processing data at any given time, and the compiler 
25 is prohibitively expensive. 

Other architectures are combinations of those mentioned abdve. These 
are even more complex and more expensive than those previously 
mentioned, and are therefore undesirable. What is needed is a computer 
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architecture for rapidly performing computational operations on large sets of ' 
data in which data path bottlenecks and the need for a highly specialized 
compiler are eliminated. 

SUMMARY OF THE INVENTION 
5 The present invention is a minimal instruction set computer 

architecture and multiple instruction issue method for processing multiple 
scalar instructions in parallel using a minimal instruction set The computer 
architecture is referred to herein as a hyperscalar computer architecture. The * 
hyperscalar computer architecture preferably comprises a central memory, an 
10 instruction buffer, a control unit, an I/O control unit, a plurality of functional 
units, a plurality of register files, and a data routing circuit. In the hyperscalar 
computer architecture, the central memory transfers a plurality of instructions 
to the instruction buffer. The control unit receives multiple instructions from 
the instruction buffer, and automatically determines a largest subset of 
15 instructions from those received that can be simultaneously issued to the 
plurality of functional units. The control unit the issues each instruction in 
the largest subset in parallel to an appropriate functional unit. Each functional 
unit receives data from and returns computational results to an associated 
register file. The data routing circuit serves to transfer data between each 
20 register file and any other register file, the central memory, the control unit, or 
the I/O control unit. 

The preferred embodiment of the multiple instruction issue method 
comprises the steps of: determining a set of first source register files used by a 
plurality of instructions; determining a set of second source register files used 
25 by the plurality of instructions; determining a set of destination register files 
used by the plurality of instructions; determining a largest subset of 
instructions within the plurality of instructions that can be executed without a 
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register file conflict; and issuing in parallel the instructions within the largest 
subset to a plurality of functional units. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of a prior art RISC computer architecture; 
, 5 FIG. 2 is a block diagram of a preferred embodiment of a hyperscalar 

computer architecture constructed in accordance with the present invention; 
FIG. 3 is a block diagram of a preferred embodiment of a control unit of 
. the present invention; 

FIG - 4 is a block diagram of a preferred embodiment of a hyperscalar 
10 instruction issue circuit; 

FIG. 5 is a block diagram of a preferred embodiment of a microsequencer 
of the present invention; 

FIG. 6 is a block diagram of a preferred embodiment of a data routing 
circuit of the present invention; 
15 FIG. 7 A is a block diagram of a first switch array according to the 

preferred embodiment of the present invention; 

FIG. 7B is a block diagram of a Banyan switch within the first switch 
array according to the preferred embodiment of the present invention; 

FIG. 8 is a block diagram of a preferred embodiment of a functional unit 
20 constructed according to the present invention; and 

FIGS. 9A and 9B are a flowchart of a preferred method for issuing 
instructions in the hyperscalar computer architecture of the present invention; 

FIGS. 10A, 10B, and 10C are block diagrams of a preferred embodiment 
of a first parallel issue constraint circuit constructed according to the present 
25 invention; 

FIG. 11 is a block diagram of a preferred embodiment of a second parallel 
issue constraint circuit constructed according to the present invention; and 
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FIG. 12 is a block diagram of a preferred embodiment of an issue count "* 
selection circuit constructed according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODTMFMTQ 
Referring now to FIG. 2, a block diagram of a preferred embodiment of *a 
5 hyperscalar computer architecture iO constructed in accordance with the present 
invention is shown. The hyperscalar computer architecture 10 preferably 
comprises a central memory 100, an instruction buffer 120, a control unit 140, an 
I/O control unit 130, a plurality of functional units 270, a plurality of register 
files 260, and a data routing circuit 300. The instruction buffer 120 receives 
10 multiple instructions in parallel from the central memory 100. The control unit 
140 in turn receives a plurality of instructions from the instruction buffer 120, 
and automatically determines the largest sequential number of instructions 
within the plurality of instructions received from the instruction buffer 120 that 
can be issued in parallel to the plurality of functional units 270. Since the 
15 control unit 140 automatically detects instruction sequences that can be 

processed in parallel, a specialized compiler for arranging serial instructions into 
parallel sequences is unnecessary. The data routing circuit 300 serves to transfer 
data to and from the central memory 100, the control unit 140, the I/O control 
unit 130, and each register file 260. 
20 In the preferred embodiment of the present invention, the data word size 

is 64 bits. This data word size is a natural choice for image processing 
applications, since each pixel within an image can be represented by four 16-bit 
values corresponding to red, green, blue, and opacity values. The 64-bit word 
size is also a natural choice for document processing applications, since each 
5 pixel in a document can be represented by four 16-bit values corresponding to 
cyan, yellow, magenta, and black. The 64-bit data word size is also the natural 
data word size for performing double precision floating point operations. 
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The hyperscalar computer architecture 10 is a "three address" architecture, 
in that instructions specify a first location within a first source register file 260 
from which to obtain data, a second location within a second source register file 
260 from which to obtain data, and a third location in a result destination 
5 register file 260 at which to store the result of the operation performed by the 
instruction. Each instruction also specifies an opcode indicating the specific 
operation the instruction is to perform. Each instruction therefore can be 
represented as I = (op(i,j,k)), where "op" is the opcode, i identifies the result 
destination register file 260 and an address within the result destination register 

10 file 260; j identifies the first source register file 260 and an address within the first 
source register file 260; and k identifies the second source register file 260 and an 
address within the second source register file 260. In the preferred embodiment, 
the instruction word size is 32 bits. 

The central memory 100 preferably comprises a plurality of interleaved 

15 memory banks having an instruction output, an address input, a control input, 
and a bi-directional data cluster port. Upon receiving an appropriate control 
signal at its control input, the central memory 100 transfers a first instruction 
group to the instruction output. In the preferred embodiment, the first 
instruction group size is 16 instructions. An address received at the address 

20 input specifies the starting address at which to begin a first instruction group 

transfer. The data cluster port comprises a number of data pathways equal to the 
number of register files 260, which in the preferred embodiment is eight. Each 
data pathway within the data cluster port has a width equal to the data word size,, 
which in the preferred embodiment is 64 bits. Thus, in the preferred 

25 embodiment, the data cluster port is 8 * 64 or 512 bits wide. In an exemplary 
embodiment, the central memory 100 is 8 banks of interleaved 16 Mb DRAMs. 

The instruction buffer ,120 comprises a data storage means for receiving 
instruction groups from the central memory 100 and transferring an issue 
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consideration group to the control unit 140. The instruction buffer 120 has ah* 
instruction input, an instruction output, and a control input. The instruction 
input of the instruction buffer 120 is coupled to the instruction output of the 
central memory 100 via a first instruction transfer path 12. In the preferred 
embodiment, the instruction buffer 120 stores up to 16 instruction groups of 
eight instructions received from the central memory 100, and transfers 8 
instructions at a time to the control unit 140 in each issue consideration group. 

The control unit 140 is a means for issuing multiple instructions in 
parallel to the plurality of functional units 270. The control unit 140 provides an 
instruction input, an IB control output, a CM control output, a DRC control 
output, a CM address output, a plurality of FMAP outputs, and an address I/O 
(AIO) port. The instruction input of the control unit 140 is coupled to the 
instruction output of the instruction buffer 120 by a second instruction transfer 
path 14. The IB control output of the control unit 140 is coupled to the 
instruction buffer's control input via a control line 16. An address line 18 
couples the control unit's CM address output and the central memory's address 
input. A control line 15 couples the CM control output to the control input of 
the central memory 100. The control unit 140 directs the instruction buffer 120 
to transfer the issue consideration group via the IB control output. Through the 
CM control output, the control unit 140 directs the central memory 100 to 
transfer one or more first instruction groups to the instruction buffer 120, where 
the starting address of the first instruction group is output at the control unit's 
CM address output. Upon receiving the instructions within the issue 
consideration group from the instruction buffer 120, the control unit 140 
determines the largest subset of instructions within the issue consideration 
group that can be issued in parallel in a single clock cycle. The control unit 140 
then issues each of the instructions within the largest subset to an appropriate 
functional unit 270 by directing a function map, or FMAP, to a corresponding 
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FMAP output Each FMAP contains an instruction opcode, addresses for 
obtaining a first source data value, a second source data value, and a result 
destination address. The control unit 140 maintains a current instruction 
pointer (CD?) indicating the address of the first instruction that has been issued 
5 to the plurality of functional units 270 at the outset of the current clock cycle; a 
current issue count signal Y that indicates the number of instructions issued at 
. the outset of the current clock cycle; a next instruction pointer (NIP) that 
indicates the address of the first instruction to be issued to the plurality of 
functional units 270 in the next clock cycle; and a next issue count signal P that 

10 indicates the number of instructions to be issued at the outset of the next clock 
cycle. . 

Each functional unit 270 comprises a means for performing logical and 
arithmetic operations. Each functional unit 270 has a first input, a second input, 
an FMAP input, and an output. The FMAP input of each functional unit 270 is 

15 coupled to a corresponding FMAP output of the control unit 100 by an FMAP 
transfer path 20. Under the direction of the control unit 140, each functional 
unit 270 receives an FMAP corresponding to an instruction at its FMAP input 
Each FMAP is obtained from a portion of an instruction and indicates the 
address of a first data item in the first source register file 260, the address of a 

20 second data item in the second source register file 260, an opcode corresponding 
to the operation to be performed on the first and second data items respectively 
stored at the first and second source register file 260 addresses, and an address in 
the result destination register file 26Q at which to store the result of the _ 
operation. The opcode within the FMAP indicates the address of a 

25 microprogram that is executed by the functional unit 270 to carry out the actions 
necessary to implement the instruction. 

Each register file 260 comprises a data storage means for storing a plurality 
of data words. Each register file 260 has a first input, a second input, and a first 
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output, and a second output. The first arid second outputs of each register file 
260 are coupled to the first and second inputs of a corresponding functional unit 
270 via a first data line 30 and a second data line 32, respectively. The second 
input of each register file 260 is coupled to the output of its corresponding 
5 functional unit 270 via a result line 34, and therefore, receives the result of an 
operation performed by its corresponding functional unit 270 at the end of the 
current clock cycle. In the preferred embodiment, each register file 260 stores 64 
data words. 

The I/O controller 130 comprises a means for exchanging control data 
10 words with the control unit 140 via the data routing circuit 300 having a bi- 
directional I/O (IO) port. The I/O controller 130 directs control data words to the 
control unit 140 that indicate run continuously, run single step, and halt modes 
of operation. 

The data routing circuit 300 comprises a means for selectively routing data 
15 between a given register file 260 and any other register file 260, the central 

memory 100, the control unit 140, or the I/O control unit 130. The data routing 
circuit 300 has a control input, a bi-directional data cluster port, a bi-directional 
AIO port, a bi-directional IO port, and a plurality of bi-directional data word 
ports. The control input of the data routing circuit 300 is coupled to the DRC 
20 control output of the control unit 140 by a control signal bus 17. The data 

routing circuit s data cluster port is coupled to the central memory's data cluster 
port by a cluster bus 22. Each data word port is coupled to the first input of a 
respective register file 260 by a data word bus 28. The AIO port of the data 
routing circuit 300 is coupled to the AIO port of the control unit 140 by an AIO 
bus 24, and the data routing circuit's IO port is coupled to the IQ port of the I/O 
control unit 130 by a IO bus 26. The cluster bus 22 comprises a number of data 
pathways equal to the number of register files 260 present in the hyperscalar 
computer architecture 10, where each data pathway is one data word wide. Since 
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each data pathway carries a data word, the signal present on the cluster bus 22 i$ 
a data word cluster.* In the preferred embodiment, the cluster bus 22 is eight 64- 
bit data pathways, having a total width of 512 bits. The data routing circuit 300 
allows each data pathway within the cluster bus 22 to be routed to a unique 
5 register file 260. Thus, if a data word is present on each of the data pathways, 
each data word can be routed to a unique register file 260 or to a unique location 
in central memory 100. Moreover, a data word can be routed between any 
register file 260 and the AIO port of the control unit 140 or the IO port of the I/O 
controller 130. The specific routing performed by the data routing circuit 300 is 

10 determined by a signal received at the data routing circuit's control input via the 
control signal bus 17. 

The hyperscalar computer architecture 10 is a scalable computer 
architecture in that the maximum number of instructions that can be issued in 
parallel is given by a scaling parameter K, where K equals 2^. The scaling 

15 parameter is chosen based upon the hardware resources available. Since the 
scaling parameter K determines the maximum number of instructions that can 
be issued in parallel, it also determines the number of functional units 270 that 
must be present, which in turn determines the number of register files 260 that 
are required. To allow parallel transfer of data between the plurality of register 

20 files 260 and the central memory 100, the number of data word buses 28 must 
match the number of register files 260, and the cluster bus 22 must have a width 
equal to the number of register files 260 times the data word size. 

The choice of scaling parameter also determines the number of bits 
required in an instruction to uniquely specify the first source register file 260, the 

25 second source register file 260, and the result destination register file 260. The 
choice of scaling parameter therefore also determines the number of bits within 
an instruction that are available to specify the instruction opcode and the unique 
addresses of the first data item, the second data item, and the instruction result 
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within the first source, the second source, and the result destination register files 
260, respectively. 

In the preferred embodiment of the present invention, the scaling 
parameter is 8. Therefore, up to eight instructions can be issued by the control 
5 unit 140 in parallel to a total of eight functional units 270. Eight register files 260, 
each register file 260 corresponding to a functional unit 270, are present Eight 
data word buses 28 couple each register file 260 to the data routing circuit 300, 
and the cluster bus 22 is eight data words or 512 bits wide. Within each 32-bit 
instruction, three bits are required to indicate the first source register file 260, 
0 three bits are required to indicate the second source register file 260, and three 
bits are required to indicate the result destination register file 260. Thus, a total 
of 9 instruction bits are required to identify the register files 260 indicated in the 
instruction as a result of the scaling parameter having the value 8. 

Since each register file 260 in the preferred embodiment can store a total 
> of 64 data words, each instruction requires 6 bits to indicate a specific address 
within each of the first source, second source, and result destination register files 
260. Therefore, a total of 18 instruction bits are required to indicate register file 
addresses. The 9 instruction bits required to identify the first source, the second 
source, and the result destination register files 260 plus the 18 instruction bits 
required to identify addresses within each of these register files 260 leaves 5 
instruction bits available to specify an instruction opcode within the 32-bit 
instruction size of the preferred embodiment. This in turn means that a total of 
32 instructions are supported in the hyperscalar computer architectures 
instruction set. Generally, commercially available RISC instruction sets 
comprise a variable number of instructions, depending upon the particular RISC 
architecture. However, some RISC instruction sets comprise more than one 
hundred instructions. The hyperscalar computer architecture 10 is therefore a 
minimal instruction set computing (MISC) architecture. The instruction set for 
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the preferred embodiment 10 of the hyperscalar computer architecture is given 
in Appendix A. 

Referring now to FIG. 3, a block diagram of a preferred embodiment of the 
control unit 140 is shown. The control unit 140 comprises a TRS router 200, a 
hyperscalar instruction issue circuit 210, a microsequencer 220, a TRS lookup 
table 235, an LHJK lookup table 240, a DRC lookup table 240, a control unit 
address bitslice 230, an LHJK router 250, and a branch detection circuit 180. The 
control unit 140 receives the issue consideration group from the instruction 
buffer 130 via its instruction input, where the number of instructions within the 
issue consideration group is equal to the scaling parameter. Once the issue 
consideration group has been routed into the control unit 140, a first subset of 
bits within each instruction comprising the issue consideration group are routed 
via a first TRS bus 142 to form a TRS bit array, and a second subset of bits within 
each instruction are routed via an HJK bus 144 to form an FIJK bit array. 

In the representation of each instruction as I = (op(i,j,k)), the instruction 
bits within i, j, and k indicate the result destination register file 260 and an 
address within the result destination register file 260; the first source register file 
260 and an address within the first source register file 260; and the second source 
register file 260 and an address within the second source register file 260, 
respectively. The number of register files 260 present is given by the scaling 
parameter K, where K equals 2^. Therefore, M bits are required within each of 
i, j, and k to specify a particular register file 260. Herein, the M bits within i are 
labeled as T, the M bits within j are labeled as R, and the M bits within k are 
labeled as S. Thus, within each instruction, R indicates the first source register 
file 260, S indicates the second source register file 260, and T indicates the result 
destination register file 260. Therefore, the register files 260 indicated by each 
instruction in the issue consideration group are given by a bit vector T v RvSv/ 
where v ranges from 0 to (2^ - i). The TRS bit array is therefore formed from 
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the bit vector T v RvSv created from each instruction within the issue 
consideration group. 

Within the control unit 140, the TRS bit array is used to determine the 
largest sequential number of instructions from within the issue consideration 
5 group that can be issued simultaneously. This number is determined in relation 
to a first parallel issue constraint and a second parallel issue constraint. The first 
parallel issue constraint is mat the first data item and the second data item must 
be stored within the register file 260 that is to receive the instruction result. This 
is required because each functional unit 270 operates on data that is stored 
10 within its corresponding register file 260, and returns a result to its 

corresponding register file 260 upon completion of the operation. If the first data 
item or the second data item are not stored within the result destination register 
file 260, a data transfer operation from the first source register file 260 and/or a 
data transfer from the second source register file 260 to the result destination 
15 register file 260 are/is required. This data transfer operation must occur through . 
the data routing circuit 300. Since instructions are issued in parallel, but 
program serialism must be maintained for the coherency in register side- 
effecting, a data transfer operation precludes the use of the functional units 270 
corresponding to the register files 260 involved in the data transfer operation 
20 until the transfer operation has been completed. 

The second parallel issue constraint that must be satisfied for two or more 
instructions to be issued in parallel is that each instruction issued must specify a 
unique result destination register file 260 to avoid a register file usage conflict. 
For example, if the first instruction within the issue consideration group 
25 specifies a data transfer operation to a given register file 260, and the fifth 

instruction within the issue consideration group indicates that the same register 
file 260 is to be the recipient of a result generated by its corresponding functional 
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unit 270, the first instruction and the fifth instruction cannot be issued in 
parallel. 

The control unit 140 creates the TRS bit array from the issue 
consideration group, and determines the largest sequential number of 
5 instructions within the issue consideration group that simultaneously satisfy 
the first and second parallel issue constraints described above. This number is 
henceforth referred to as the next issue count value or P. Once P has been 
determined, each of the v = 0 through v = P instructions are issued in parallel to 
an appropriate functional unit 270. 
10 The F1JK bit array is created from those instruction bits that are not used 

in creating the TRS bit array. In a manner similar to the TRS bit array, the FIJK 
bit array is created from a plurality of F v IvJvK v bit vectors, where v ranges from 
0 to (2 M - 1). Within the FIJK bit array, each F v indicates the opcode for 
instruction v; each I v indicates the address within the result destination register 
15 file 260 for instruction v; each J v indicates the address of the data item within 
the first source register file 260 for instruction v; and each K v indicates the 
address of the data item within the second source register file 260 for instruction 
v. Each FvIvJvKv bit vector is a portion of an FMAP that is routed to one of the 
functional units 270, indicating the operation to be performed, the addresses of 
20 the data items upon which to operate, and the address at which the result of the 
operation is to be stored. 

The TRS router 200 comprises a barrel shifter having an input, a control 
input, and an output. The input of the TRS router is coupled to the first TRS 
bus 142. The number of instructions P that are issued in a single clock cycle can 
25 range from l to 2 M . When P is less than 2 M , the TRS router 200 ensures that 
instructions (P + 1) through 2 M within the current issue consideration group are 
routed into the v = 0 through v = (2^ _ (p + i)) bit vector positions in the TRS bit 
array created from the next issue consideration group received from the 
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instruction buffer 120. The TRS router 200 receives a TRS bit array at its input; 
and orders the TRS bit array such that each T v RvS v bit vector is routed into a 
fixed sequential position at its output. In the preferred embodiment, the ToRoSo 
bit vector is left justified. 
5 The TRS lookup table 235 comprises a ROM having an input and an 

output. The output of the TRS lookup table 235 is coupled to the control input 
of the TRS router 200 via a first routing line 152. Under the direction of a signal 
received at its input, the TRS lookup table 235 issues a routing signal to the TRS 
router 200 indicating the routing required to arrange each T v RvS v bit vector of 
10 the TRS bit array into its fixed sequential position. 

The DRC lookup table 245 comprises a ROM having an input and 
an output. The output of the DRC lookup table 245 forms the control unit's 
DRC control output. Under the direction of a signal received at its input, the 
DRC lookup table 245 produces a routing signal to the data routing circuit 300 
15 indicating the routing the data routing circuit 300 is to apply to one or more data 
words. 

The hyperscalar instruction issue circuit 210 comprises a parallel issue 
determination means having a TRS input, an issue count output, a TRS lookup 
output, an LHJK lookup output, and a DRC lookup output. The TRS input of 

20 the hyperscalar instruction issue circuit 210 is coupled to the output of the TRS 
router 200 via a second TRS bus 146. The TRS lookup output is coupled to the 
input of the TRS lookup table 235 via a. first lookup line 150, and the DRC 
lookup output is coupled to the input of the DRC lookup table 245 via a second 
lookup line 162. The TRS input receives the ordered TRS bit array from the TRS 

25 router 200 via the second TRS bus, and determines the value of P indicating the 
largest sequential number of instructions within the next issue consideration 
group that can be issued in a single clock cycle. The value of P is output at the 
issue count output. The hyperscalar instruction issue circuit 210 also supplies a 
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. TRS lookup signal, an LFIJK lookup signal, and a DRC lookup signal at its TR§ 
lookup output, LFIJK lookup output, and DRC lookup output, respectively. The 
TRS lookup signal indicates to the TRS router 200 the manner in which the 
ordering of each T v RvSv bit vector is to occur. Similarly, the IJFIJK lookup 
5 signal indicates the manner in which each F v IvJvK v bit vector is to be ordered. 
The DRC lookup signal indicates the routing that data words are to receive 
within the data routing circuit 300. 

The control unit address bitslice 230 comprises a plurality of registers and 
an adder having a control input, an input, a branch condition input, an output, 

10 . and a bi-directional data port. The input of the control unit address bitslice 230 is 
coupled to the issue count output of the hyperscalar instruction issue circuit 210 
via an issue count line 148, and therefore receives the next issue count P. The 
control unit address bitslice 230 uses the next issue count P to maintain the next 
instruction pointer, the current instruction pointer, and the previous issue 

15 count. The output of the control unit address bitslice 230 forms the control 

unit's CM address output, and routes the value of the next instruction pointer to 
the central memory 100. The data port forms the AIO port of the control unit 
140. A data word present on the AIO bus 24 is loaded into the control unit 
address bitslice 230 when an appropriate signal is received at its control input. A 

20 branch condition signal present at the branch condition input of the control unit 
address bitslice 230 indicates that a branch has been detected, and also indicates 
the operations the control unit address bitslice 230 must perform to test a 
condition associated with the branch. The branch condition signal causes the 
loading and testing of a branch condition value present on the AIO bus 24. 

25 Following the loading of the branch condition value, the control unit address 
bitslice 230 determines if the branch condition value satisfies the branch 
condition. 



-17- 



WO 95/09394 PCT/US94/1 0785 

The control unit microsequencer 220 is a state machine that generates the 
control signals required to specify the operations performed by the instruction 
buffer 130, the central memory 100, and the control unit address bitslice 230. In 
addition, the control unit microsequencer 220 directs the actions of the control 
5 unit address bitslice 230 when a branch has occurred. The control unit 

microsequencer 220 has an external FMAP input, a first control output, a second 
control output, a third control output, and a branch input. The first control 
output of the control unit microsequencer 220 forms the control circuit s IB 
control output, and the second control output forms the control circuit's CM 
10 control output. The microsequencefs third control output is coupled to the 
control input of the control unit address bitslice 230 by a control line 160. In the 
presence of a second branch signal received at its branch input, the 
microsequencer 220 directs the operations of the control unit address bitslice 230 
required in the branch. 
15 The LFIJK lookup table 240 comprises a ROM having an input, an output, 

and an L code output. The input of the LFIJK lookup table 235 is coupled to the 
LFTJK lookup output of the hyperscalar instruction issue circuit via a third 
lookup line 152. Under the direction of a signal received at its input, the LFIJK 
lookup table 240 issues a routing signal to the LFIJK router 250 indicating the 
20 routing required to arrange each FyRIvJvKv bit vector of the FIJK bit array into a 
fixed position. In addition, the LFIJK lookup table 240 generates an L-value at its 
L code output corresponding to each functional unit 270. A given L-value 
indicates whether the corresponding functional unit 20 is to load the FylvJvKv 
bit vector that has been routed to it. The set of L values corresponds to an L 
25 code. In the preferred embodiment, each L value is a single-bit value, and a total 
of eight L values are within the L code. 

The LFIJK router 250 comprises a monodirectional switch array having a 
first input, a routing control input, a second input, and a plurality of FMAP 
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outputs. The first input of the LFIJK router 250 is coupled to the FIJK bus 144, v 
and therefore receives the FIJK bit array created from the issue consideration 
group. The second input of the LFIJK router 250 is coupled to the L-code output 
of the LFIJK lookup table via an L-code line 158, and therefore receives the 
5 plurality of L values generated by the control unit micrbsecjuencer 220. The 
routing control input is coupled to the output of the LFIJK lookup table 240, and 
therefore receives the routing signal output by the LFIJK lookup table 240. The 
routing signal indicates the ordering each F v IvJvK v bit vector 
must receive prior to appearing at a corresponding FMAP output. The plurality 

10 of FMAP outputs of the LFIJK router 250 form the control unit's plurality of 
FMAP outputs. Based upon the routing signal received at its routing control 
input, the LFIJK router 250 routes each F v IvJvK v bit vector in the FIJK bit array 
to an appropriate FMAP output, where each FMAP output corresponds to a 
predetermined functional unit 270. Since each L value received at the LFIJK 

15 router's second input corresponds to. a predetermined functional unit 270, each L 
value is routed to a corresponding FMAP output. Each FMAP that appears at an 
FMAP output is therefore formed from one of the FvIvJvKv bit vectors and an L 
value. In the preferred embodiment, the LFIJK router is equivalent to a portion 
of the data routing circuit 300, which is described in detail below. 

20 The branch detection circuit 180 comprises a decoding means for 

determining if an instruction corresponding to a branch is within the issue 
consideration group, and has an input, a branch condition output, and a 
branch output. The input of the branch detection circuit 180 is coupled to the 
FIJK bus 144. The branch condition output of the branch detection circuit 180 is 

25 coupled to the branch condition input of the control unit address bitslice 230 
via a branch condition line 184. The branch output of the branch detection 
circuit is coupled to the branch input of the microsequencer 220 via a branch 
line 182. The branch detection circuit 180 decodes the F values present within 
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the FIJK bit array. If an F value corresponding to a branch is detected, the 
branch detection circuit 180 outputs a branch condition signal to the control 
unit address bitslice 230, and a branch signal to the microsequencer 220. In a 
branch instruction I = (op,(i,j,k)), the i portion of the instruction is used to 
indicate a register file address, the contents of which has a value to be tested for 
a given condition depending upon the instruction opcode. The branch 
detection circuit 180 includes in the branch condition signal the particular test 
that is required. 

Referring now to FIG. 4, a block diagram of a preferred embodiment of the 
hyperscalar instruction issue circuit 210 is shown. The hyperscalar instruction 
issue circuit comprises a first parallel issue constraint circuit 212; a second 
parallel issue constraint circuit 218; an issue count selection circuit 216; and a 
lookup table controller 214. The lookup table controller 214 has a first input, a 
first routing output, a second routing output, and a third routing output The 
input of the lookup table controller 214 is coupled to the second TRS bus 146. 
The first routing output of the lookup table controller forms the TRS output of 
the hyperscalar instruction issue circuit 210 on line 152. The second routing 
output of the lookup table controller 214 forms the LFIJK output of the 
hyperscalar instruction issue circuit 210 on line 154, and the third routing output 
of the lookup table controller forms the hyperscalar instruction issue circuit's 
DRC output on line 162. Upon receiving the TRS bit array at its input, the 
lookup table controller 214 generates a first routing signal at its first routing 
output, a second routing signal at its second routing output and a third routing 
signal at its third routing output. The first, second, and third routing signals 
indicate an appropriate location within the TRS lookup table, the LFIJK lookup 
table, and the DRC lookup table at which a TRS routing control signal, an LFIJK 
routing control signal, and a DRC routing control signal corresponding to the 
TRS bit array received is stored, respectively. 
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The first parallel issue constraint circuit 212 and the second parallel issue 
constraint circuit 218 each have a respective input and a respective output. The 
input of the first parallel issue constraint circuit 212 and the input of the second 
parallel issue constraint circuit 218 are coupled to the second TRS bus 146. The 
5 issue count selection circuit 216 has a first input, a second input, and an output. 
The first input of the issue count selection circuit 216 is coupled to the output of 
the first parallel issue constraint circuit 212, and the second input of the issue 
count selection circuit 216 is coupled to the output of the second parallel issue 
constraint circuit 218. The output of the issue count selection circuit is coupled 

10 to the issue count line 148. The first parallel issue constraint circuit 212 produces 
a first issue count at its output that indicates the largest sequential number of 
instructions that satisfy the first parallel issue constraint, namely, that the result 
destination register of each instruction that is issued in parallel must be unique. 
The second parallel issue constraint circuit 218 produces a second issue count at 

15 its output that indicates the largest sequential number of instructions that satisfy 
the second parallel issue constraint. The second parallel issue constraint is that 
for a given bit vector T v RvSv, a register file conflict exists if R v does not equal 
T v or if Sv does not equal T v . In such cases, either the first data item or the 
second data item must be retrieved from a register file 260 other than the result 

20 destination register file 260. The issue count selection circuit 216 outputs the 
smaller of the first issue count and the second issue count as the next issue 
number P. 

Referring now to FIGS. 10A, 10B, and 10C, a block diagram of a preferred 
embodiment of the first parallel issue constraint circuit 212 is shown. The first 
25 parallel issue constraint circuit 212 comprises a plurality of comparators 500, a 
plurality of OR gates 502, 503, 504, 505, 506, 507, a plurality of AND gates 510, a 
plurality of inverters 511, and a first priority encoder 550. Each comparator 500 
has a first input, a second input, and an output. To satisfy the first parallel issue 
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constraint, result destination register file 260 conflicts must be detected betweeii 
each T v within the TRS bit array and T v -1, T v -2, T v -3/ and so on to T(). Thus, 
each T v is compared with T v -1, T v -2, T v -3, and so on to To, beginning with Ti. 
Therefore, for each given T v , where v > 0, there are v comparisons required, 
5 necessitating the use of v comparators 500. In the preferred embodiment, v 
ranges from 0 to 7. Hence, in the preferred embodiment, seven comparators 500 
are required to compare T7 to To through T6 to indicate a T7 conflict; six 
comparators 500 are required to compare T6 to To through T5 to indicate a T6 
conflict; five comparators 500 are required to compare T5 to To through T4 to 

10 indicate a T5 conflict; four comparators 500 to compare T4 to To through T3 to 
indicate a T4 conflict; three comparators 500 are required to compare T3 to T2, 
Ti, and To to indicate a T3 conflict; two comparators 500 aire required to compare 
T2 to Ti and To to indicate a T2 conflict; and a single comparator 500 is required 
to compare Ti to To to indicate a Ti conflict. In the preferred embodiment, a 

15 total of 28 comparators 500 are required. 

The first inputs of the seven comparators 500 used in the T7 conflict 
comparisons are coupled to the second TRS bus 146 such that each of the first 
inputs receive T7. The second inputs of the seven comparators 500 used in the 
T7 conflict comparisons are coupled to the second TRS bus 146 such that each of 

20 the second inputs successively receives To through T6- In like manner, the first 
inputs of the six comparators 500 used in the T6 conflict comparisons are 
coupled to the second TRS bus 146 such that each of the first inputs receive T6- 
The second inputs of the six comparators 500 used in the T6 conflict 
comparisons are coupled to the second TRS bus 146 such that each of the second 

25 inputs successively receives To through T5. The couplings for the first and 

second inputs for the comparators used in the remaining conflict comparisons 
are coupled to the second TRS bus 146 in a similar manner that is readily 
apparent to those skilled in the art. 
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Within the plurality of OR gates 502, 503, 504, 505, 506, 507, there is an OR 
gate associated with each T v comparison having v inputs and an output. For 
example, the output of each comparator 500 used in the T7 conflict comparisons 
is coupled to a corresponding input of a T7 OR gate 507. Similarly, the output of 
5 each comparator 500 used in the T6 conflict comparisons is coupled to a 

corresponding input of a T6 OR gate 506, and so on in a similar manner for a T5 
OR gate 503, a T4 OR gate 504, a T3 OR gate 503, and a T2 OR gate 502. Those 
skilled in the art will recognize that a Ti OR gate is not necessary because the Ti 
conflict comparison requires only one comparator. A high signal value present 
10 4 at the output of any OR gate within the plurality of OR gates 502, 503, 504, 505, 
506, 507 indicates that a result destination register file conflict has occurred. 

From the plurality of AND gates 510 and the plurality of inverters 511, 
one AND gate 510 and one inverter 511 corresponds to each value of v greater 
than one. Each AND gate 510 has a first input and a second input, and each 
15 inverter 511 has an input and an output. The first input of each AND gate 510 is 
coupled to the output of a corresponding OR gate 502, 503, 504, 505, 506, 507. The 
second input of each AND gate 510 is coupled to the output of a corresponding 
inverter 511. For a given value of v, where v > 1, the input of the inverter 511 
corresponding to v is coupled to the output of the AND gate 510 corresponding 
20 to (v - 1). Since no AND gate 510 corresponding to v = 1 is present, the input of 
the inverter 511 corresponding to v = 2 is coupled to the output of the Ti conflict 
comparator. Moreover, the final determination of whether eight instructions 
can be performed is determined by logically combining the inverted output of 
the T7 OR gate 507 with the inverted output of the T7 AND gate 510 using an 
25 AND operation. If a multiple result destination register file 260 or T v conflicts 
exist, the result destination register file 260 conflict associated with the smallest 
v determines how many instructions satisfying the first parallel issue constraint 
can be issued in parallel. In the presence of multiple T v conflicts, the output of 
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the AND gate 510 corresponding to the smallest value of v for which a conflict 
has been detected indicates a conflict while the other AND gate outputs do not 
indicate a conflict. 

The first priority encoder 550 is an encoder having a plurality of inputs 
5 and a plurality of outputs. The plurality of first priority encoder inputs 

comprises an input corresponding to each value of v. Each input of the first 
priority encoder 550 is coupled to the output of the AND gate 510 associated 
with the identical value of v. Since no AND gate 510 is present corresponding 
to v = 1, the first priority encoder's input corresponding to v = 1 is coupled to 
10 the output of the Ti conflict comparator 500. When a given AND gate output 
indicates that a conflict has been detected, the first priority encoder 550 outputs 
a binary value at its plurality of outputs equal to v; this value of v is the first 
issue count, indicating the number of sequential instructions that satisfy the 
first parallel issue constraint In the preferred embodiment, the largest value 
15 of v is 8. Since four bits are required to represent the value 8, the plurality of 
first priority encoder outputs comprises four outputs. For example, if the 
output of the AND gate 510 corresponding to v = 5 indicates that a T5 conflict 
has been detected, the first priority encoder 550 outputs the value 0101. In this 
case, 5 sequential instructions satisfy the first parallel issue constraint. 
20 Referring now to FIG. 11, a preferred embodiment of the second parallel 

issue constraint circuit 218 is shown. The second parallel issue constraint circuit 
218 comprises a plurality of comparator sets 601, 602, 603, 604, 605, 606, 607, 608, a 
plurality of OR gates 640, a plurality of AND gates 645, and a second priority 
encoder 650. To satisfy the second parallel issue constraint, the values of R v , Sv, 
5 and T v in each T v RvS v bit vector must be equal. In the preferred embodiment, 
v ranges from 0 to 7. Therefore, a first comparator set 601 within the plurality of 
comparator sets 601, 602, 603, 604, 605, 606, 607, 608 serves to compare Ro, So, and 
To; a second comparator set 602 serves to compare Ri, Si, and Ti; a third 
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comparator set 603 serves to compare R2, S2, and T2; a fourth comparator set 604 
serves to compare R3, S3, and T3; a fifth comparator set 605 serves to compare 
R4, S4, and T4; a sixth comparator set 606 serves to compare Rs, S5, and T5; a 
seventh comparator set 607 serves to compare R6, S6, and T6, and an eighth 
5 comparator set 608 serves to compare R7, S7,and T7. Each comparator set 601, 
602, 603, 604, 605, 606, 607, 608 has a first input, a second input, a third input, a 
first output, and a second output. The first, second, and third inputs of the first 
comparator set 601 are coupled to the second TRS bus 146 such that they receive 
Tq, R0/ and So, respectively. The first, second, and third inputs of the second 

10 comparator set 602 are coupled to the second TRS bus 146 such that they receive 
Ti, Ri, and Si, respectively. Those skilled in the art will recognize that the first, 
second, and third inputs of the third through eighth comparator sets 603, 604, 
605, 606, 607, 608 are coupled to the second TRS bus 146 in an analogous manner. 
Each comparator set 601, 602, 603, 604, 605, 606, 607, 608 comprises a first 

15 comparator 621 and a second comparator 622. The first and second comparators 
621, 622 have a first input, a second input, and an output. For each comparator 
set 601, 602, 603, 604, 605, 606, 607, 608, the first input of the first comparator 621 
forms its respective comparator set's first input, and the first input of the second 
comparator 622 is coupled to the first input of the first comparator 621. 

20 Therefore, the first input of the first comparator 621 and the first input of the 
second comparator 622 each receive a given T v - For each comparator set 601, 
602, 603, 604, 605, 606, 607, 608, the second input of the first comparator 621 forms 
its respective comparator set's second input, and the second input of the second 
comparator 622 forms its respective comparator set's third input. Therefore, the 

25 second input of the first comparator 621 receives a given R v , and the second 
input of the second comparator 622 receives a given Sv- The output of the first 
comparator 621 forms its comparator set's respective first output, and the output 
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of the second comparator 622 forms its respective comparator set's second 
output. 

Within the first comparator set 601, the first comparator determines if a 
register file conflict exists between the result destination register file Ti and the 
5 first source register file Ri- In like manner, the second comparator within the 
first comparator set 601 determines if a register file 260 conflict exists between the 
result destination register file Ti and the second source register file Si- The 
outputs of the first and second comparators 621, 622 are asserted in an inverted 
state. Thus, if the first corriparator 621 has determined that a register file 260 
10 conflict exists, the signal appearing at the first comparator set's first output will 
have a high value. Similarly, the signal appearing at the first comparator set's 
second output will have a high value if the second comparator 622 has 
determined that a register file conflict exists. The first and second comparators 
621, 622 within the second through eighth comparator sets 602, 603, 604, 605, 606, 
15 607, 608 function in an analogous manner. - 

The plurality of OR gates 640 in the second parallel issue constraint circuit 
218 are each associated with a comparator set 601, 602, 603, 604, 605, 606, 607, 608. 
Therefore, in the preferred embodiment, eight OR gates 640 are present. Each 
OR gate 640 has a first input, a second input, and an output. The first input of 
20 each OR gate 640 is coupled to its respective comparator set's first output, and 
the second input of each OR gate 640 is coupled to its respective comparators 
second output. If a register file conflict has been indicated by the first comparator 
621 or the second comparator 622 within a given comparator set 601, 602, 603, 
604, 604, 606, 607, 608, the associated OR gate 640 outputs a signal having a high 
25 value at its output. 

The plurality of AND gates 645 comprises an AND gate 645 corresponding 
to comparator sets two through eight 602, 603, 604, 605, 606, 607, 608. Thus, in the 
preferred embodiment, seven AND gates 645 are present. Each AND gate 645 
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has a first input, a second input, and an output. For the AND gate 645 associated 
with the eighth comparator set 602, the first input of the AND gate 645 is 
coupled to the output of the OR gate 640 associated with the eighth comparator 
set 602. The second input of this AND gate 645 is coupled to the output of the 
5 AND gate 645 associated with the seventh comparator set 601. For the AND gate 
645 associated with the seventh comparator set 602, the first input of this AND 
gate 645 is coupled to the output of the OR gate 640 associated with the seventh 
comparator set 602, and the second input of this AND gate 645 is coupled to the 
output of the AND gate 645 associated with the sixth comparator set 601. Thus, 

10 for each AND gate 645 associated with a given comparator set C, the first input of 
the AND gate 645 is coupled to the output of the OR gate 640 associated with 
comparator set C, and the second input of the AND gate 645 is coupled to the 
output of the AND gate 645 associated with comparator set (C - 1), for 
comparator sets two through eight 602, 603, 604, 605, 606, 607, 608. The signal 

15 present at each AND gate's second input is inverted upon arriving at the second 
input. In the event that more than one register file conflict is detected by the 
second parallel issue constraint circuit 218, the plurality of AND gates 645 
ensures that the register file conflict corresponding to the smallest value of v is 
used to indicate the number of sequential instructions that satisfy the second 

20 parallel issue constraint 

The second priority encoder 650 comprises an encoder having a plurality 
of inputs and a plurality of outputs. An input corresponding to each set of 
comparators 601, 602, 603, 604, 605, 606, 607, 608 is present within the second 
priority encoder's plurality of inputs. Therefore, in the preferred embodiment, 

25 inputs one through eight are present. Input two is coupled to the output of the 
AND gate 645 associated with the second comparator set 602; input three is 
coupled to the output of the AND gate 645 associated with the third comparator 
set 603; and input four is coupled to the output of the AND gate 645 associated 
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with the fourth comparator 604. Those skilled in the art will recognize that 
inputs five through eight of the second priority encoder 650 are coupled in a like 
manner. Input one of the second priority encoder 650 is coupled to the output of 
the OR gate 640 associated with the first comparator set 601 since the first 
5 comparator set 601 does not have an associated AND gate 645. The second 
priority encoder 650 functions such that when one of the first through eighth 
inputs is receiving a signal having a high value, the signal present at the 
plurality of second priority encoder 650 outputs is the binary value of the input 
at which the signal was received. This binary value is the second issue count, 
10 indicating the largest number of sequential instructions within the issue 
consideration group that satisfy the second parallel issue constraint In the 
preferred embodiment, inputs one through eight are present in the second 
priority encoder 650. Four bits are required to represent the value 8. Therefore, 
in the preferred embodiment the plurality of second priority encoder outputs 
15 comprises four outputs. 

Referring now to FIG. 12, a preferred embodiment of the issue count 
selection circuit 216 is shown. The issue count selection circuit 216 preferably 
comprises a comparator 700 having a first input, a second input, and an output; 
and a multiplexor 702 having a first input, a second input, a control input, and 
20 an output. The first input of the issue count selection circuit's comparator 700 is 
coupled to the output of the first priority encoder 550, and therefore receives the 
first issue count. In like manner, the second input of this comparator 700 is 
coupled to the output of the second priority encoder 650, and therefore receives 
the second issue count. The first input of the multiplexor 702 is coupled to the 
25 second input of the issue count selection circuits comparator 700, and the 
second input of the multiplexor 702 is coupled to the first input of the issue 
count selection circuit's comparator 700. The control input of the multiplexor 
702 is coupled to the output of the issue count selection circuit's comparator 700. 
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The output of the multiplexor 702 is coupled to the issue count line 148. The 
comparator 700 within the issue count selection circuit 216 comprises 
combinational logic that determines if the binary value of the signal present at 
its first input is less than or equal to the binary value of the signal present at its 
5 second input. If so, the comparator 700 outputs a high value at its output; 
otherwise the output of the issue count selection circuits comparator 700 
corresponds to a low value. The multiplexor's control input routes either the 
signal present at its first input or the signal present at its second input to its 
output depending upon the signal applied to its control input. If the signal 

10 applied to the multiplexor's control input is a low value, the signal present at 
the multiplexor's first input is routed to the multiplexor s output. If the signal 
applied to the multiplexor's control input is a high value, the signal present at 
the multiplexor's second input is routed to its output. Since the first input of 
the comparator 700 and the second input of the multiplexor 702 within the issue 

15 . count selection circuit 216 receive the first issue count, and the second input of 
the comparator 700 and the first input of the multiplexor 702 within the issue 
count selection circuit 216 receive the second issue count, the signal present at 
the output of the multiplexor 702 is the smaller (or same, if equal) of the first 
issue count and the second issue count. This signal is output as the next issue 

20 count P to the issue count line 148. 

Referring now to FIG. 5, a block diagram of a preferred embodiment of the 
microsequencer 220 within the control unit 140 is shown. The microsequencer 
220 comprises an F register 802, an I register 804, a J register 806, and a K register 
808 for receiving an external FMAP; a first function register 810 and a second 

25 function register 812; a first and a second multiplexor 814, 816; a first and a 
second register file port 818, 820; a TMAP ROM 822, a T counter 824, a T 
microcode ROM 826, and a T microinstruction register; an SMAP ROM 822, an S 
counter 824, an S microcode ROM 826, and an S microinstruction register; an 
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XMAP ROM 822, an X counter 824, an X microcode ROM 826, and an X 
microinstruction register; a YMAP ROM 822, a Y counter 824, a Y microcode 
ROM 826, and a Y microinstruction register. 

The F, I, J, and K registers 802, 804, 806, 808 each comprise a data storage 
5 means having an input, a load input, and an output. The inputs of the F, I, J, 
and K registers are coupled to the control unit's AIO port such that they 
receive the F value, the I value, the J value, and the K value of an external 
FMAP, respectively. In addition, the inputs of the F, I, J, and K registers are 
each coupled to the branch line 182. The control inputs of the F, I, J, and K 
registers each receive the L value within the external FMAP. The external 
FMAP originates from the I/O control unit 130, and is transferred to the 
microsequencer 220 within the control unit 140 via the AIO bus 24. Those 
skilled in the art will recognize that a direct coupling from the I/O control unit 
130 could also be used to transfer the external FMAP to the control unit's 
microsequencer 220. As in the case of the FMAPs sent to the plurality of 
functional units 270, the external FMAP specifies a set of operations that are to 
be performed. Receipt of the branch signal via the branch line 182 indicates a 
set of operations that are to be performed in the event that a branch is detected. 
The L value received from the external FMAP indicates whether the FMAP is 
to be loaded into the microsequencer 220. The microsequencer 220 carries out 
the operations required to perform a function indicated by the F value within 
the external FMAP received. Functions indicated by the F code within the 
external FMAP include a start continuous execution function, a single-step 
execution function, and a halt function. 

The first and second multiplexors 814, 816 each comprise a signal 
selection means having a first input, a second input,, a third input, and an 
output. The first inputs of the first and second multiplexors 814, 816 are 
coupled to the output of the K register 808. The second inputs of the first and 
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second multiplexors 814, 816 are coupled to the output of the J register 806. 
The third inputs of the first and second multiplexors 814, 816 are coupled to 
the output of the I register 804. The first and second multiplexors 814, 816 
serve to select which of the I, J, and K register outputs are to be routed into the 
control line 160 coupling the microsequencer 220 and the control unit address 
bitslice 230. 

The first and second output registers 818, 820 each comprise a data 
storage means having an input, a control input, and an output. The inputs of 
the first and second output registers 818, 820 are coupled to the outputs of the 
first and second multiplexors 814, 816, respectively. Upon receiving an 
appropriate signal at their respective control inputs, the first and second 
output registers 818, 820 load the signals present at the outputs of the first and 
second multiplexors 814, 816 respectively. The outputs of the first and second 
output registers 818, 820 are routed together into the control line 160 coupling 
the microsequencer 220 and the control unit address bitslice 230. Therefore, 
the first and second output registers 810, 820 each serve to supply the contents 
of the I register 804, the J register 806, or the K register 808 to the control line 
160. 

The first and second function registers 810, 812 each comprise a data 
storage means having an input, a control input, and an output. The input of 
the first function register 810 and the input of the second function register 812 
are coupled to the output of the F register 802. Upon receiving appropriate 
control signals at their control input, the first and second function registers 
810, 812 load the F value. The first function register 810 and the second 
function register 812 can be loaded independently when necessary. The first 
function register 810 supplies the loaded F value to the TMAP ROM 822, while 
the second function register 812 supplies the loaded F value to the SMAP, 
XMAP, and YMAP ROMs 832, 842, 852. 
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The TMAP ROM 822, the T counter 824, the T microcode ROM 826, and 
the T microinstruction register 828 function together as a master 
nanosequencer within the control unit s microsequencer 220. The TMAP 
ROM 822 comprises a read-only memory having an input and an output. The 
5 input of the TMAP ROM is coupled to the output of the first function register 
810, and therefore receives the F value. The TMAP ROM serves "as a lookup 
table to transform the F value into a start-up address for an appropriate 
microcode sequence. The T counter 824 comprises a counting means having 
an input, a control input, and an output. The input of the T counter is coupled 
10 to the output of the TMAP ROM, and therefore receives a microcode sequence 
start-up address. The T counter increments or decrements the start-up address 
received, thereby tracking addresses within the microcode sequence. The T 
microcode ROM 826 comprises a read-only memory having an input and an 
output The input of the T microcode ROM 826 is coupled to the output of the 
15 T counter 824. The T microcode ROM 826 receives the address supplied by the 
T counter 824, and outputs a corresponding microcode instruction. The T 
microinstruction register 828 comprises a data storage means having an input, 
a control input, and an output. The input of the T microinstruction register 
828 is coupled to the output of the T microcode ROM. Therefore, the T 
20 microinstruction register 828 receives a microcode instruction. The master 
nanosequencer serves to control overall operation sequencing for the first, 
second, and third subordinate nanosequencers, as well as for the first and 
second multiplexors 814, 816 and the first and second output registers 818, 820. 
The output of the T microinstruction register is used to supply overall timing 
25 signals required within the control unit's microsequencer 220. 

The SMAP ROM 832, the S counter 834, the S microcode ROM 836, and 
the S microinstruction register 838 form a first subordinate nanosequencer. 
The SMAP ROM 832 comprises a read-only memory having an input and an 
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output. The input of the SMAP ROM is coupled to the output of the second 
function register 812, and therefore receives the F value. The SMAP ROM 
serves as a lookup table to transform the F value into a start-up address for an 
appropriate microcode sequence. The S counter 834 comprises a counting 
5 means having an input, a control input, and an output. The input of the S 
counter is coupled to the output of the SMAP ROM, and therefore receives a 
microcode sequence start-up address. The S counter increments or decrements 
the start-up address received, thereby tracking addresses within the microcode 
sequence. The S microcode ROM 836 comprises a read-only memory having 

10 an input and an output. The input of the S microcode ROM 836 is coupled to 
the output of the S counter 824. The S microcode ROM 836 receives the 
address supplied by the S counter 834, and outputs a corresponding microcode 
instruction. The S microinstruction register 838 comprises a data storage 
means having an input, a control input, and an output. The input of the S 

15 microinstruction register 838 is coupled to the output of the S microcode ROM. 
Therefore, the S microinstruction register 838 receives a microcode instruction. 
The microinstruction received is output at the S microinstruction register's 
output. 

The XMAP ROM 842, the X counter 844, the X microcode ROM 846, and 
20 the X microinstruction register 848 .form a second subordinate nanosequencer. 
The YMAP ROM 852, the Y counter 854, the Y microcode ROM 856, and the Y 
microinstruction register 858 form a second subordinate nanosequencer. . 
Those skilled in the art will recognize that the each element's couplings and 
functionality within the second and third subordinate nanosequencers are 
25 analogous to those for the elements in the first subordinate nanosequencer. 
The outputs of the S microinstruction register 838, the X microinstruction 
register 848, and the Y microinstruction register 858 supply the signals required 
for instruction buffer 120 control and central memory 100 control. 
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The operation of first, second, and third subordinate nanosequencers is- ~ 
initiated by the master nanosequencer. Following operation initiation, each 
nanosequencer performs a given set of actions independently, using the signal 
present at the output of the T microinstruction register 828 for sequencing 
5 purposes. With the exception of the F, I, J, and K registers 802, 804, 806, 808, 
the control inputs of those elements within the microsequencer 220 having a 
control input are coupled to the output of the T microinstruction register 828. 

Those skilled in the art will recognize that a different number of 
multiplexors, a different number of output registers, or a different number of 
10 nanosequencers can be used within an alternate embodiment of the control 
units microsequencer 220. 

Referring now to FIG. 6, a block diagram of a preferred embodiment of the 
data routing circuit 300 is shown. The data routing circuit 300 comprises a first 
multiplexor 350, a second multiplexor 360, a third multiplexor 365, a first switch 
15 array 370, a second switch array 375, a cluster buffer 380, a plurality of buffers 390, 
a first data word buffer 395, and a second data word buffer 397. The first 
multiplexor 350 has a first data word input, a second data word input, a control 
input, and a data word output. The first data word input of the first multiplexor 
is coupled to the AIO bus 24, and the second data word input of the first 
20 multiplexor is coupled to the IO bus 26. The control input of the first 

multiplexor 350 is coupled to a first select line 40, where the first select line 40 is 
a portion of the control signal bus 17. The signal applied to the first select line 40 
' determines whether the first multiplexor 350 routes the data word present on 
the IO bus 26 or the data word present on the AIO bus 24 to its data word output 
25 The second multiplexor 360 has a first cluster input, a second cluster 

. input, a control input, and a cluster output. The first and second cluster inputs 
are formed from a plurality of data word portions, and receive a plurality of data 
words equal to the number of data words present in the cluster bus 22. The first 
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cluster input of the second multiplexor 360 is coupled to the cluster bus 22. The .... 
second cluster input of the second multiplexor 360 is coupled to the data word 
output of the first multiplexor 350 via a data word duplication line 310. The data 
word duplication line 310 applies the single data word output of the first 
multiplexor 350 to each data word portion within the second cluster input. The 
control input of the second multiplexor 360 is coupled to a second select line 42, 
where the second select line 42 is a portion of the control signal bus 17. The 
signal applied to the second select line determines whether the data words 
present upon the cluster bus 22 or the duplicated data words from the first 
multiplexor's data word output are routed to the cluster output of the second 
multiplexor 360. 

The first switch array 370 comprises an array of data routing elements * 
having a cluster input, a control input, and a plurality of data word outputs. 
The cluster input of the first switch array 370 is coupled to the second 
multiplexor's cluster output via a first cluster line 320. The first switch array's 
control input is coupled to a third select line 44, where the third select line 44 is a 
portion of the control signal bus 17. The signal applied to the control input of 
the first switch array 370 determines the routing or mapping of each data word 
present at the cluster input to a given data word output. A given data word 
present at the first switch array's cluster input can be routed to any given data 
word output. 

The plurality of buffers 390 comprises a plurality of data storage means, 
where each buffer 390 within the plurality has a first bidirectional data word port 
and a second bidirectional data word port. Each first bidirectional data word port . 
within the plurality of buffers 390 is coupled to a corresponding data word 
output of the first switch array 370. Each second bidirectional data word port 
within the plurality of buffers 390 forms a corresponding bidirectional data word 
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port of the data routing circuit 300. Each buffer 390 therefore serves to transfer ' 
data between a corresponding register file 260 and the first switch array 370. 

The second switch array 375 comprises an array of data routing elements 
having a plurality of data word inputs, a control input, and a cluster output. 
5 Each data word input within the second switch array's plurality of data word 
inputs is coupled to a respective first bidirectional data word port within the 
plurality of buffers 390. The control input of the second switch array 375 is 
coupled to the third select line 44. The signal applied to the third select line 44 
determines, the routing or mapping that each data word present at the plurality 
10 of data word inputs receives in being transferred to the second switch array's 
cluster output at line 321. 

In the preferred embodiment of the hyperscalar computer architecture 10, 
2M data words occupy a data word cluster. Each data word output within the 
first switch array's plurality of data word outputs corresponds to a 
15 predetermined register file 260. Similarly, each data word input within the 
second switch array's plurality of data word inputs corresponds to a 
predetermined register file 260. Since 2 M register files 260 are present in the 
preferred embodiment of the hyperscalar computer architecture, the plurality of 
data word outputs of the first switch array 370 and the plurality of data inputs of 
20 the second switch array 375 can be considered to be a data word cluster. 
Therefore, in the preferred embodiment of the hyperscalar computer 
architecture 10, the first switch array 370 and the second switch array 375 are 
identical elements. 

The third multiplexor 385 comprises a signal selection means having a 
25 first cluster input, a second cluster input, a control input, and a data word 

output. The first cluster input of the of the third multiplexor 365 is coupled to 
each data word output of the first switch array 370 via a third cluster line 323. 
The second cluster input of the third multiplexor 365 is coupled to the cluster 
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output of the second switch array 375 via a second cluster line 321. The control 
input of the third multiplexor is coupled to a f ourth select line 43, where the 
fourth select line 43 is a portion of the control signal bus 17. The third 
multiplexor 365 receives at its first cluster input each data word present at the 
5 plurality of data word outputs of the first switch array 370. The third 

multiplexor 365 receives at its second cluster input each data word present 
within the second switch array's cluster output. Depending upon the value of a 
signal present on the fourth select line 43, the third multiplexor 365 routes a data 
word received at its first cluster input or a data word received at its second 

10 cluster input to its data word output. 

The first data word buffer 395 comprises a data storage means having an 
input, an output, and a control input. The input of the first data word buffer 395 
is coupled to the data word output of the third multiplexor 365. The output of 
the first data word buffer 395 is coupled to the IO bus 26. The control input of 

15 the first data word buffer 365 is coupled to the control signal bus 17 via a buffer 
control line 398. A first load signal present at the first data word buffer's control 
input causes the first data word buffer 395 to load the data word present at its 
input. A first output signal present at the first data word buffer's control input 
causes the first data word buffer 395 to output its contents to the IO bus 26. 

20 The second data word buffer 397 comprises a data storage means having 

an input, an output, and a control input. The input of the second data word 
buffer 397 is coupled to the data word output of the third multiplexor 365. The 
output of the second data word buffer 397 is coupled to the AIO bus 24. The 
control input of the second data word buffer 365 is coupled to the control signal 

25 bus 17 via the buffer control line 398. A second load signal present at the 

second data word buffer's control input causes the second data word buffer 397 to 
load the data word present at its input. A second output signal present at the 
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second data word buff er's control input causes the second data word buffer 397 to" " w 
output its contents to the AIO bus 24. 

The cluster buffer 380 is a data storage means having an input, an output, 
and a control input. The input of the cluster buffer 380 is coupled to the cluster 
5 output of the second switch array 375 via the second cluster line 321, and the 
output of the cluster buffer 380 is coupled to the cluster bus 22. The control 
input of the cluster buffer 380 is coupled to the control signal bus 17 via the 
buffer control line 398. The cluster buffer 380 loads the data word cluster present 
at the cluster output of the second switch array 375 in response to a cluster load 
10 signal received at its control input. A cluster output signal present at the cluster 
buffer's control input causes the data word cluster stored within the cluster 
buffer 380 to be output to the cluster bus 22. 

The data routing circuit 300 operates in a "forward" transfer mode, 
defined as a data word cluster transfer to the plurality of register files 260, or in 
15 "reverse" transfer mode when a data word cluster is transferred from the 

plurality of register files 260 to another location. In the forward transfer mode, a 
data word cluster can be routed from the cluster bus 22 to the plurality of register 
files 260, where each data word within the data word cluster is uniquely routed 
to a given register file 260. The particular routing applied to each data word in 
20 the data cluster is determined by the signal present on the third select line 44, 
and is performed.by the first switch array 370. Alternatively, a single data word 
can be routed from either the AIO bus 24 or the IO bus 26 to each register file 260 
within the plurality of register files 260. When a single data word is routed in 
the forward transfer mode, the data word duplication line 310 inserts the single 
25 data word into each data word of a data word cluster. In this case, each data word 
within the data word cluster is identical to the single data word. 

When functioning in reverse transfer mode, the data routing circuit 300 
can route the data word present on each data word bus 28 to the cluster bus 22, 
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where each data word is mapped into a unique datapath position within the 
cluster bus 22 by the second switch array 375. Alternatively, a data word present 
on any given data word bus 28 can be routed to either the AIO bus 24 or the IO 
bus 26. 

5 Referring now to FIG. 7 A, a block diagram of a preferred embodiment of 

the first switch array 370 is shown. In the preferred embodiment, the first and 
second switch arrays 370, 375 are identical dements, thus only the first switch 
array 370 is described. The first switch array 370 comprises an array of first 
through twelfth data word routing elements 401, 402, 403, 404, 405, 406, 407, 408, 
409, 410, 411, 412, each having a first input, a second input, a control input, a first 
output, and a second output. The control input of the first data word routing 
element 401 is coupled to the third select line 44, and receives a first routing 
signal. In like manner the control inputs of the second through twelfth data 
word routing elements, 402 through 412 are coupled to the third select line 44, 
and receive a second through twelfth routing signal, respectively. The first and 
second inputs of the first, second, third, and fourth data routing elements 401, 
402; 403, 404 form the first switch array's cluster input. The first and second 
inputs of the first data routing element 401 are coupled to the first cluster line 
320 and receive a data word 0 and a data word 1, respectively. The first and 
second inputs of the second data routing element 402 are also coupled to the first 
cluster line 320, and receive a data word 2 and a data word 3, respectively. 
Similarly, the first and second inputs of the third data, routing element 403 are 
coupled to the first cluster line 320, and therefore, receive a data word 4 and a 
data word 5, respectively. The first and second inputs of the fourth data routing 
element 404 receive a data word 6 and a data word 7, respectively, because they 
are also coupled to the first cluster line 320. Each data word present at the first or 
second input of the first, second, third, and fourth data routing elements 401, 
402, 403, 404 is routed according to the respective routing signal to either its own 
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first output or its own second output In the preferred embodiment, a routing ' 
signal having a low value causes the data word present at a given data routing 
element's first input to appear at the data routing element's first output, and the 
* data word present at the data routing element's second input to be output at the 
data routing element's second output. A routing signal having a high value 
causes the data word present at the data routing element's first input to appear at 
its second output, and the data word present at the data routing element's 
second input to appear at its first output. 

The first outputs of the first and third data routing elements 401, 403 are 
coupled to the first inputs of the fifth and seventh data routing element 405, 407 
respectively. The second outputs of the first and third data routing elements 
400, 403 are coupled to the second inputs of the sixth and eighth data routing 
elements 406, 408, respectively. The first outputs of the second and fourth data 
routing elements 402, 404 are coupled to the second inputs of the fifth and 
seventh data routing elements 405, 407, respectively. The second outputs of the 
second and fourth data routing elements 402, 404 are coupled to the second 
inputs of the sixth and eighth data routing elements, respectively 406, 408. Based 
upon the value of the fifth through eighth routing signals, data words present at 
the inputs of the fifth through eighth data routing elements' first and second 
inputs are routed to their first and second outputs and in the manner described 
above. 

The first outputs of the fifth and sixth data routing elements 405, 406 are 
coupled to the first inputs of the ninth and tenth data routing elements 409, 410, 
respectively. The second outputs of the fifth and sixth data routing elements 
405, 406 are coupled to the first input of the eleventh and twelfth data routing 
elements 411, 412, respectively. The first outputs of the seventh and eighth data 
routing elements 407, 408 are coupled to the second inputs of the ninth and 
tenth data routing elements 409, 410, respectively. Finally, the second outputs of 
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the seventh and eighth data routing elements 407, 408 are respectively coupled, 
to the second inputs of the eleventh and twelfth data routing elements 411, 412, 
respectively. Based upon the value of the ninth through twelfth routing signals, 
data words present at the inputs of the ninth through twelfth data routing 
5 elements' first and second inputs are routed to their first and second outputs 
and in the manner described above. 

The first output of the ninth data routing element 409 forms the first 
output of the first switching array 370, and the second output of the ninth data 
routing element 409 forms the second output of the first switching array 370. In 
10 like manner, the first and second outputs of the tenth through twelfth data 

routing elements 410, 411, 412 form the third and fourth, the fifth and sixth, and 
the seventh and eighth outputs of the first switching array 370, respectively for 
each first switching array output pair given. 

Two routing cases are indicated in FIG. 7. The first corresponds to each of 
15 the twelve routing signals having a value of 0 and the second corresponds to 
each of the twelve routing signals having a value of 1. The data word routing 
between the first switch array's cluster input and the first switch array's plurality 
of outputs is indicated in the figure at each data routing element's first and 
second output. Each data word is indicated by the letters "DW" followed by its 
number. The data word to the left of the slash mark in FIG. 7 corresponds to the 
case in which each of the twelve routing signals has the value 0, whereas the 
data word to the right of the slash mark corresponds to the case in which each 
routing signal has the value 1. Those skilled in the art will recognize that this 
routing scheme allows a plurality of many-to-many data word routings to one or 
several of the outputs of the array 370. In the preferred embodiment, each data 
word routing element 401, 402, 403, 404, 405, 506, 407, 408, 409, 410, 411, 412 
comprises a Banyan switch 480. 
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Referring now to FIG. 7B, a block diagram of a Banyan switch 480 is ■ 
shown. The Banyan switch 480 comprises a first AND gate 450, a second AND 
gate 460, a third AND gate 455, a fourth AND gate 465, a first OR gate 470, and a 
second OR gate 475. Each AND gate 450, 455, 460, 465 and each OR gate 470, 475 
5 has a first input, a second input, and an output. The first input of the first AND 
gate 450 is the second input of the Banyan switch 480, and the second input of 
the first AND gate 450 is the control input of the Banyan switch 480. The first 
input of the second AND gate 460 is the Banyan switch's first input, and the 
second input of the second AND gate 460 is coupled to the Banyan switch's 

10 control input, where the routing signal present at the control input is inverted 
upon its assertion at the second AND gate's second input. The output of the 
first AND gate 450 and the output of the second AND gate 460 are coupled to the 
first and second input of the first OR gate 470, respectively. The output of the 
first OR gate 470 forms the first output of the Banyan switch 480. 

15 The first input of the third AND gate 455 is the Banyan switch's first 

input,-and the second input of the third AND gate 455 is coupled to the control 
input of the Banyan switch 480. The first input of the fourth AND gate 465 is the 
second input of the Banyan switch 480, and the second input of the fourth AND 
gate 465 is the Banyan switch's control input, where the routing signal present 

20 at the control input is inverted upon its assertion at the fourth AND gate's 
second input. The output of the third and fourth AND gates 455, 465 are 
coupled to the first and second inputs of the second OR gate 475, respectively. 
The output of the second OR gate 475 forms the second output of the Banyan 
switch 480. 

25 In the preferred embodiment of the Banyan switch 480, if the routing 

signal present at the Banyan switch's control input is low, the first AND gate 450 
and the output of the third AND gate 455 are forced low or disabled. Due to the 
inverting of the routing signal asserted at the second inputs of the second and 
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fourth AND gates 460, 465, the data word present at the first input of the second 
AND gate 460 is routed to the Banyan switch's first output, and the data word 
present at the first input of the fourth AND gate 465 is routed to the Banyan 
switch's second output. Therefore, for a routing signal having a low value, the 
5 data element routes the data word present at its first input to its first output and 
the data word present at its second input to its second output. Those skilled in 
the art will recognize that a routing signal having a high value will cause the 
data word present at the first output of the data routing element to appear at the 
data routing element's second output, and the data word present at the data 
10 routing element's second input to appear at the data routing element's first 
output. 

Referring now to FIG. 8, a block diagram of a preferred embodiment of 
each functional unit 270 and register file 260 is shown. Each functional unit 270 
and register file 260 comprises a FU microsequencer 272, an integer processing/ 

15 register file unit 271, a multiply/ divide unit 276, an add/subtract unit 274, and a 
floating point register 278. The integer processing /register file unit 271 
comprises 64-bit integer arithmetic hardware and the register file 260 associated 
with the functional unit 270. The integer processing/register file unit 271 has an 
I input, an A input, a B input, a control input, a data word input, and a data 

20 word output. The data word input of the integer processing/ register file unit 271 
is coupled to its data word output, to the data word bus 28 corresponding to the 
register file 260, and to a first 64-bit line 281. The signal present at the I input 
indicates the address at which to store the result of a computation performed by 
the functional unit 270. The A and B inputs receive the addresses of the first 

25 and second data items. The integer processing/register file unit's control input 
specifies a specific .integer operation or a register file data transfer operation. The 
result of an integer operation or the data item associated with a data transfer 
operation appears at the integer processing/register file unit's data word input 
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and data word output. A~signal received at the integer processing unit's control 
input determines the operation performed by the integer processing/register file 
unit 271, and provides an output enable signal. In an exemplary embodiment, 
the integer processing/ register file unit 271 comprises four Integrated Devices 
5 Technology IDT49C402A 16-bit bitslices. 

The FU microsequencer 272 comprises a microsequencer having an L 
input, an F input, an I input, a J input, a K input, an I output, an A output, a B 
output, and a first, a second, and a third control output. The L, F, I, J, and K 
inputs of the FU microsequencer 272 receive the L value, the F value, the I 

10 value, the J value, and the K value within the FMAP, and therefore form the FU 
micros equencer's FMAP input and are coupled to the appropriate FMAP 
transfer line 20. The I, A, B, and first control output of the FU microsequencer 
are coupled to the I, A, B, and control input of the integer processing/register file 
unit 271, respectively. The L value within each FMAP received determines 

15 whether the FU microsequencer will load the FMAP at its F, I, J, and K inputs. If 
the L value indicates that the functional unit 271 is not to load the FMAP, the 
functional unit 270 does not perform any operations related to the FMAP that is 
present at its inputs. When an FMAP is loaded, the FU microsequencer 272 
receives the FMAP's F value at its F input. The F value indicates the address of 

20 a microprogram corresponding to the particular instruction that the FU 

microsequencer 272 is to execute. The FU microsequencer 272 uses the J value to 
indicate the address of the first data item and the K value to indicate the address 
of the second data item required in the execution of the microprogram. The I 
value indicates to the FU microsequencer 272 the address at which the result of 

25 the instruction corresponding to the F value is to be stored. 

The multiply/divide unit 276 comprises a 64-bit floating point 
multiplier/ divider having a first input, a second input, a control input, and an 
output. The control input of the multiply /divide unit 276 is coupled to the 
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second control output of the FU microsequencer 272. The first input of the 
multiply/divide unit 276 is coupled to the first 64-bit line via a first 32-bit line 
282, and the second input of the multiply /divide unit 276 is coupled to the first 
64-bit line via a second 32-bit line 283. Therefore, the first input of the 
5 multiply/ divide unit 276 receives a first 32-bit portion of a 64-bit value, and the 
second input of the multiply/divide unit 276 receives a second 32-bit portion of 
a 64-bit value. The multiply /divide unit 276 performs a multiplication or a 
division upon the first and second 32-bit portions based upon the signal received 
at its control input. The result of the operation is output at the multiply/ divide 
10 unit's output. In an exemplary embodiment, the multiply/divide unit 276 is an 
Analog Devices ADSP3212 64-bit floating point multiplier/ divider. - 

The add/subtract unit 274 comprises a 64-bit floating point 
adder/ subtracter having a first input, a second input, a control input, and an 
output. The control input of the add /subtract unit 274 is coupled to the third 
15 control output of the FU microsequencer 272. The first input of the add /subtract 
unit 274 is coupled to the first 64-bit line via a third 32-bit line 284, and the 
second input of the add/subtract unit 274 is coupled to the first 64-bit line via a 
fourth 32-bit line 285. Therefore, the first input of the add/subtract unit 274 
receives the first 32-bit portion of a 64-bit value, and the second input of the 
20 add/ subtract unit 274 receives the second 32-bit portion of a 64-bit value. The 
add/subtract unit 274 performs an addition or subtraction upon the first and 
second 32-bit portions based upon a signal received at its control input. The 
result of the operation is output at the add/subtract unit's output. In an 

y 

exemplary embodiment, the add /subtract unit 274 is an Analog Devices 
25 ADSP3222 64-bit floating point adder/subtracton 

The floating point register 278 comprises a 64-bit data storage means 
having a data input, a data output, and a control input. The control input of the 
floating point register 278 is coupled via line 288 to the FPR CTRL output of the 

-45- 



WO 95/09394 



PCT/US94/1073S 



FU microsequencer 272 to "receive control signals. The input of the floating 
* point register 278 is coupled to the output of the multiply /divide unit 276 and to 
the output of the add /subtract unit 274. The output of the floating point register 
278 is coupled to the first 64-bit line 281 via a second 64-bit line 286. The floating 
5 point register 278 receives and latches the result generated by the 

multiply/divide unit 276 or the add/subtract unit 274, and supplies this result to 
the first 64-bit line via the second 64-bit line 286. By supplying the result back to 
the first 64-bit line, the result can be stored in the integer processing/register file 
unit 271, or the result can be operated upon by the multiply/ divide unit 276 or 
10 the add/subtract unit 274. 

Referring now to FIG. 9, a flowchart of a preferred method for hyperscalar 
instruction issue is shown. The preferred method begins in step 1000, with an 
assignment of an order number to each instruction within the issue 
consideration group. Each order number indicates the serial arrangement of 
15 instructions within the instruction buffer 13Q. Next, in step 1001, the preferred 
method determines for each instruction a first index for the first source register 
file 260. Following step 1001, the preferred method determines for each 
instruction in step 1002 a second index for the second source register file 260. 
After step 1002, the preferred method determines for each instruction a third 
20 index for the result destination file in step 1003. Following step 1003, the 

preferred method proceeds to step 1004 and step 1010 simultaneously. In step 
1004, the preferred method selects the instruction having the second lowest 
order number as the current instruction under consideration. Since the 
instruction having the lowest order number is issued regardless of whether 
25 additional instructions can be issued with it in parallel, step 104 does not 

consider the instruction having the lowest order number. After step 1004, the 
preferred method determines for the current instruction under consideration 
whether the first index is equal to the third index. If the first index is not equal 
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to the third index, the first data item required for the execution of the current . 
instruction under consideration is stored in a register file 260 other than the 
result destination register file 260. This situation corresponds to a register file 
conflict. In the presence of a register file conflict, the preferred method proceeds 
5 to step 1008 and sets a first parallel issue constraint number to the order number 
of the instruction under consideration minus one. Following step 1008, the 
preferred method proceeds to step 1030. 

If in step 1005 the first index is found to be equal to the third index, the 
preferred method proceeds to step 1006 to test whether the second index is equal 

10 to the third index. In a manner similar to that in step 1005, if the second index is 
not equal to the-third index, the second data item required for the execution of 
the instruction under consideration is stored in a register file 260 other than the 
result destination file. A register file conflict therefore exists in this situation. If 
a register file conflict is detected in step 1006, the preferred method proceeds to 

15 step 1008. If the preferred method determines that no register file conflict exists 
in step 1006, operation continues in step 1007 with the preferred method 
selecting the instruction having the next higher order number as the current 
instruction under consideration. Following step 1007, the preferred method 
returns to step 1005. 

20 In step 1020, the preferred method uses the instruction having the lowest 

order number to create a list of previously considered instructions. The 
instruction having the lowest order number will be issued regardless of whether 
additional instructions can be issued with it in parallel. Therefore, the 
instruction having the lowest order number is placed into the list of previously 

25 considered instructions by default. Next, in step 1021, the preferred method 

retrieves the instruction having the next higher order number and identifies it 
as the current instruction under consideration. The preferred method then 
determines in step 1022 whether the third index of the current instruction under 

-47- 



WO 95/09394 



PCT/US94/10785 



consideration matches the third index of any instruction in the list of previously" 
considered instructions. A third index match indicates that the instructions 
corresponding to the match require the same result destination register file 260. 
Since instructions are issued in parallel, the result destination register file 260 of 
5 each instruction issued must be unique to avoid a register file conflict. If no 
third index matches are found in step 1022, the preferred method proceeds to 
step 1025 and adds the current instruction under consideration to the list of 
previously considered instructions. Following step 1025, the preferred method 
returns to step 1021. If it is determined in step 1022 that the third index of the 
10 current instruction matches one or more result destination files in the list of 
previously considered instructions, the preferred method proceeds to step 1023. 
In step 1023, the preferred method sets a second parallel issue constraint number 
to the order number of the current instruction under consideration minus one. 
After step 1023, the preferred method proceeds to step 1030. 
15 In step 1030, the preferred method selects the minimum of the first 

parallel issue constraint number and the second parallel constraint number as 
the instruction issue count The instruction issue count indicates the number of 
instructions that can be issued in parallel. In the preferred method, steps 1004 
through 1008 are performed in parallel for all instructions within the issue 
20 consideration group. Steps 1020 through 1025 are also performed in parallel for 
all instructions within the issue consideration group. Following step 1030, the 
preferred method ends. 

While the present invention has been described with reference to certain 
preferred embodiments, those skilled in the art will recognize that certain 
25 modifications and variations may be provided. These and other modifications 
to and variations upon the preferred embodiments are provided for by the 
present invention, which is limited only by the following claims. 
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WHAT TS CLAIMED ISl 

1- A computer system for issuing and executing multiple 
instructions with using a minimal instruction set, the computer system 
comprising: 

a memory means for storing instructions and data, the memory means 
having an address input, a bi-directional data port, a control input, and a data 
output; 

an instruction buffer for storing multiple instructions for execution in 
parallel, the instruction buffer having an address input, a data output and a 
control input, the address input of the instruction buffer coupled to the data 
output of the memory means; 

a plurality of register files for storing data, each of the register files 
having a first data input, a second data input, a first data output and a second 
data output; 

a plurality of functional units for performing logical and arithmetic 
operations, each of the function units having a first data input, a second data 
input, a control input and an output, each of the functional units 
corresponding to a respective register, and the first data input of each 
functional unit coupled to the first data output of its respective register file, the 
second data input of each functional unit coupled to the second data output of 
its respective register file, the output of each functional unit coupled to the 
second data input of its respective register file; 

a data routing circuit for transferring data between the memory means 
and the plurality of register files, the data routing circuit having a control input, 
a first bi-directional port coupled to the bi-directional data port of the memory 
means, a plurality of second bi-directional data ports, each of the second bi- 
directional data ports coupled to the first input of a respective register file; and 
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a control unit for controlling the memory means, the instruction buffer, 
the functional units and the register files, the control unit determining largest 
sequential number of instructions within the plurality of instructions received 
that can be issued in parallel and asserting control signals to execute the 
5 instructions in parallel, the control unit having: ah input coupled to the data 
output of the instruction buffer for receiving a plurality of instructions to be 
executed in parallel, a memory control output coupled to the control input of 
the memory means, a memory address output coupled to the address input of 
the memory means, an instruction buffer control output coupled to the 

10 control input of the instruction buffer, a plurality of function control outputs 
each of the function control outputs coupled to a respective control input of a 
functional unit, and a routing control output coupled to the control input of 
the data routing circuit. 

2. The system of claim 1, further comprising an I/O control unit for 

15 interfacing with an I/O system for providing instructions to the multiple 

instruction computer system for continuous and single step operation, and for 
exchanging control data words with the control unit, and wherein the data 
routing circuit has a bi-directional data port, the I/O control unit coupled to 
the bi-directional data port of the data routing circuit. 

20 3. The system of claim 1, wherein the memory means comprises a 

plurality of interleaved memory banks. 

4. The system of claim 1, wherein the instruction buffer is a data 
storage means capable of receiving and storing a plurality of instruction groups 
from the memory means and transferring one of said plurality of instruction 

25 groups to the control unit per clock cycle, each of said instruction groups 
comprising a plurality of control unit instructions for execution in parallel. 
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5. The system of claim 1, wherein each register file comprises a data - 
storage means for storing at least 64 data words. 

6. The system of claim 1, wherein the data routing circuit comprises 
a means for selectively routing data between a given register file and any other 

5 register file, the memory means, and the control unit. 

7. The system of claim 1, wherein the maximum number of 
instructions that can be issued in parallel is a scalable value K, and the system 
includes K functional units and registers. 

8. The system of claim 1, wherein the maximum number of 

10 ' instructions that can be issued in parallel is eight and the system includes eight 
functional units and eight registers. 

9. The system of claim 1, wherein the control unit further 
comprises: 

a hyperscalar instruction issue circuit having an input and an output for 

15 determining the greatest number of sequential instructions that can be issued 

in parallel, the input of the hyperscalar instruction issue circuit is coupled to 

receive instructions from the instruction buffer; 

a microsequencer having an input and output for controlling the 

operation of the memory means, the instruction buffer, the functional units 

20 and the register files to execute the instruction designated by the hyperscalar 

instruction issue circuit; the microsequencer coupled to the memory means, 

the instruction buffer, the functional units and the register files; and 

a control unit address bitslice having a first input, a second input and an 

output for storing the address of first instruction of the plurality being issued in 

25 parallel, and determining the next first instruction address, the first input of the 

control unit address bitslice coupled to the output of the hyperscalar instruction 

issue circuit* for receiving a signal indicating the number of instructions that can 
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be issued in parallel, the second input coupled to a control output of the 
microsequencer, and the output of the control unit address bitslice coupled to 
the memory means. 

10. The system of claim 9, wherein the control unit address bitslice 

5 comprises a plurality of registers and an adder for maintaining a next instruction 
pointer, a current instruction pointer, and a previous issue count value. 

11. The system of claim 9, wherein the microsequencer is a state 
machine that generates the control signals required to specify the operations 
performed by the instruction buffer, the data routing circuit, the memory means, 

10 and the control unit address bitslice, the microsequencer also generating the 
signals to route each function control signal to the appropriate functional unit. 

12. The system of claim 9, wherein the hyperscalar instruction issue 
circuit comprises: 

a first parallel issue constraint circuit having an input and an output for 
15 determining the largest sequential number of instructions that do not have a 
destination register conflict, the input of the first parallel issue constraint circuit 
coupled to the output of the instruction buffer; 

a second parallel issue constraint circuit having an input and an output 
for determining the largest sequential number of instructions that do not have a 
20 source register conflict, the input of the first parallel issue constraint circuit 
coupled to the output of the instruction buffer; and 

an issue count selection circuit having a first input, a second input and an 
output for selecting the smaller instruction value from the values produced by 
the first parallel issue constraint circuit and the second parallel issue constraint 
25 circuit, the first input of the issue count selection circuit coupled to the output of 
the first parallel issue constraint circuit, and the second input of the issue count 
selection circuit coupled to the output of the second parallel issue constraint 
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circuit and the output of the issue count selection circuit coupled to the first * 
input of the control unit address bitslice. 

13. The system of claim 12, wherein for each instruction that can be 
processed in parallel, the second parallel issue constraint circuit provides: 
5 a comparator set having a first input, a second input and a third input, a 

first output and a second output for comparing the destination address for an 
instruction to the first source address and the second source address; 

an OR gate having a first input, a second input and an output, the first 
input of the OR gate coupled to the first output of the comparator, the second 
10 input of the OR gate coupled to the second output of the comparator; and 

an AND gate having a first input, a second input and an output, the first 
input of the AND gate coupled to the inverted output of another AND gate for 
the previous instruction; and 

a priority encoder having a plurality of inputs, and an output for 
15 signaling the number of instructions that can be executed in parallel, the inputs 
of the priority encoder coupled to the output of the respective AND gate. 

14. The system of claim 12, wherein the issue count selection circuit 
comprises: 

a comparator having a first input, a second input, and an output, the first 
20 input of the comparator coupled to receive the output of the first parallel issue 
constraint circuit, the second input of the comparator coupled to receive the 
output of the second parallel issue constraint circuit; and 

a multiplexor having a first input, a second input, a control input, and 
an output, the first input of the multiplexor coupled to receive the output of 
25 the second parallel issue constraint circuit, the second input of the comparator 
coupled to receive the output of the first parallel issue constraint circuit, and 
the control input of the multiplexor coupled to the output of the comparator. 
15. The system of claim 1, wherein the data routing circuit comprises: 
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a first multiplexor having a first input, a second input, a control input, 
and an output for selectively passing a signal, the first input of the first 
multiplexor coupled to the I/O control unit, the second input of the first 
multiplexor coupled to the control unit, and the control input of the first 
5 multiplexor coupled to the control unit; 

a second multiplexor having a first input, a second input, a control input, 
and an output for selectively passing a signal, the first input of the second 
multiplexor coupled to the output of the first multiplexor, the second input of 
the second multiplexor coupled to the bi-directional data port of the memory 
10 means, and the control input of the second multiplexor coupled to the control 
unit; 

a first switch array having a data input, a control input and a plurality of 
outputs, the data input of the first switch array coupled to the output of the 
second multiplexor, each of the outputs of the first switch array coupled to a 
15 respective register file, and the control input of the first switch array coupled to 
the control unit; 

a second switch array having a plurality of inputs, a control input and an 
output, the plurality of inputs of the second switch array each coupled to a 
respective register file, and the control input of the second switch array coupled 
20 to the control unit; 

a first demultiplexer having a data input, a control input, a first output 
and a second output for selectively passing a signal, the data input coupled to the 
output of the second switch array, the control input of the first demultiplexor 
coupled to the control unit, and the first output coupled to the bi-directional 
25 data port of the memory means; and 

a second demultiplexor having a data input, a control input, a first output 
and a second output for selectively passing a signal, the data input of the second 
demultiplexor coupled to the output of the first demultiplexor, the control input 
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of the second demultiplexer coupled to the control unit, and the first output of *~ 
the second demultiplexor coupled to the I/O control unit, and the second output 
of the second demultiplexor coupled to the control unit. 

16. The system of claim 12, wherein the first and second switch arrays 
each include a plurality of data elements for array of data routing elements 
having a plurality of inputs and a plurality of outputs, the array of data routing 
elements capable of routing a signal present on any of the plurality of inputs of 
the array of data routing elements to any given output of the array of data- 
routing elements. 

17. The system of claim 16, wherein each of the data routing 
elements is a Banyan switch. . 

18. In a computer system capable of issuing a plurality of instructions 
in parallel, a method for determining the number of instructions that can be 
issued without conflict, the method comprising the steps of: 

assigning an order number to each instruction within an issue 

consideration group; 
determining for each instruction a first index for the first source register 

file of the instruction; 
determining for each instruction a second index for the second source 

register file of the instruction; 
determining for each instruction a third index for the result destination 

file of the instruction; 
comparing the third indices of the instructions in the issue consideration 
group to determine the instruction at which a destination register 
file conflict exists; and 
comparing the third index to the first and second indices for each 

instruction in the issue consideration group to determine the 

instruction at which a source register file conflict exists 
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19. The method pf claim 18 wherein the step of comparing the third, 
indices of the instructions comprises the steps of: 

a) using a first instruction to create a list of previously considered 

instructions; 

b) retrieving the instruction having the next highest order number as the 

current instruction under consideration; 

c) determining whether the destination register file of the current 

instruction is the same as the destination register file of any 
instruction in the list; 

d) adding the current instruction to the list and returning to step b) if the 

destination register file of the current instruction is not. the same as 
the destination register file of any instruction in the list; and 

e) outputting the order number of the current instruction under 

consideration minus one if the destination register file of the 
current instruction is the same as the destination register file of any 
instruction in the list. 
20. The method of claim 18 wherein the step of comparing the third 
index to the first and second indices comprises the steps of: 

a) selecting the instruction having the second lowest order number as a 

current instruction under consideration; 

b) determining whether the third index for the current instruction is the 

same as the second index for' the current instruction; 

c) determining whether the third index for the current instruction is the 

same as the first index for the current instruction; 

d) outputting an instruction order number of the current instruction 

minus one if the third index for the current instruction is not the 
same as the second index for the current instruction; 
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e) outputting an instruction order number of the current instruction • ^ 

minus one if the third index for the current instruction is not the 
same as the third index for the current instruction; and 

f) selecting the instruction having the next higher order number as the 

current instruction under consideration if the second index is equal 
to the third index and the first index. 
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